
 

 

More than 50 years ago, New Zealand’s Arthur Lydiard started using terms like 

base training, periodisation and peaking. His US counterpart, Bill Bowerman, 

brought Lydiard’s term for what until then had been called roadwork, or 

jogging, to the States. Soon after, the 1970’s running boom started, spurred by 

exercise-advocating research from the growing fields of exercise science and 

sports medicine and from the enthusiasts such as Jim Fixx, author of the book 

The Complete Book of Running. One of Bowerman’s former runners at the 

University of Oregon, Phil Knight, saw to it that those millions of new runners 

had swoosh-adorning footwear designed specifically for their sport. 

The pace of knowledge enhancement and innovation has in, in fact, been so 

brisk through the years that even highly informed runners could be excused for 

not keeping up, but no longer. Running Science is a one-of-a-kind resource. 

        o  An extensive yet very comprehensible repository of running research 



        o  A wealth of insights distilled from leading sport and exercise scientists,       

coaches and runners 

        o  Detailed technique and tactic guidelines gleaned from the very best 

running coaches, sport scientists and runners themselves 

        o  An array of the most authenticated and highly recommended training 

principles and programmes 

        o  A compilation of all this objective, science-based running knowledge in a 

single resource 

Owen Anderson PhD 

 

Owen Anderson presents this comprehensive work in a compelling way for 

runners. A PhD and coach himself, Anderson has both a great enthusiasm for 

sharing what scientific studies offer the running community and a keen sense 

of what’s really important for today’s informed runner to know 
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PHYSIOLOGICAL/PSYCHOLOGICAL TERMS in respect of 

ENDURANCE RUNNING 

 

Introduction 

An individual runner’s ability to improve his or her performance will depend on 

success in upgrading the seven (7) key performance variables. 

 

*  vV02max 

*  t(lim)vV02max (ie the length of time a runner can actually sustain vV02max; 

t(lim)vV02max varies from 4 minutes to a maximum of about 10 minutes, and 

performance capacity improves as a runner moves up this scale over time) 

*  Running economy 

*  Lactate-threshold velocity 

*  Resistance to fatigue (ie the ability to sustain desired goal speed over the 

full distance of one’s competitive event) 

*  Running-specific strength 

*  Maximal running speed (ie power) 

            

 



PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

* Genetic Influences 

Athletic performance is a complex trait that is influenced by 

both genetic and environmental factors. The best-

studied genes associated with athletic performance are ACTN3 and 

ACE. These genes influence the fibre type that makes up muscles, and 

they have been linked to strength and endurance. 

 

PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

* Maximal Aerobic Capacity (�̇�0₂max) 

VO₂ max is the maximum (max) rate (V) of oxygen (O₂) your body is 

able to use during exercise. 

You can train your Vo2 max most efficiently by working at a high 
intensity. Many running coaches recommend training at around 90 to 95 
percent of your maximum heart rate. Working near your max heart rate 
helps strengthen the muscles in your heart and increase the volume of 
blood it can pump with each beat. 

Oxygen is a critical ingredient in the respiratory process that’s involved 

in breathing. As you breathe in oxygen, your lungs absorb and turn it into 

energy called adenosine triphosphate (ATP).  ATP powers your cells 

and helps release the carbon dioxide (CO₂) that’s created during your 

respiratory process when you exhale. 

The benefits are simple: The greater your VO₂ max, the more oxygen 

your body can consume, and the more effectively your body can use that 

oxygen to generate the maximum amount of ATP energy. This means 

that your body can better handle aerobic fitness activities that require a 

lot of oxygen intake like running, swimming, and other types of cardio. It 

also means that a high VO₂ max can be a good predictor of your athletic 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3579386/


performance, especially if you’re a runner or a swimmer. Your VO₂ max 

amount can also act as a benchmark to track your progress as you 

improve your athletic abilities or if you’re trying to keep your VO₂ max at 

a certain level to maintain your performance. 

 

PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

* Running Efficiency vs Running Economy 

 

Efficiency, in a general sense, implies doing something in the 

most efficient manner, i.e. wasting the least amount of resources. Being 

able to run at a given speed with the least amount of effort is a desirable 

thing to do, and we would describe such runners as efficient. 

Fundamentals of efficient running technique 

o Land with your foot directly beneath your hips, never out in front; 
 

o Keep the heel un-weighted throughout the stride cycle; 
 

o Run with a turnover of at least 180 to 182 foot-strikes per minute    
at any running speed; and 
 

o Create propulsion through hip extension and not knee flexion or 
knee extension. 

 

However Economy and Efficiency have entirely different meanings. 
Economy is the oxygen cost at running at a fixed speed, efficiency is the 
ratio of work performed to energy expended. No study has ever 
documented an improvement in efficiency in response to training. There 
is little evidence that efficiency varies widely amongst runners. 
Economy, on the other hand, is responsive to training and varies widely. 

 

 

 



PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

* Minimal Velocity for Maximal Aerobic Capacity (𝒗𝑽�̇�₂max) 

The lowest velocity at which VO2max is achieved is defined as vVO2max .  

VO2max is a poor predictor of performance. vVO2max , a physiological 

variable, is a strong predictor of endurance performance. It is a running 

velocity as opposed to the rate of oxygen consumption 

           30m – 30m rec (repeats on a time basis) 

           60m – 60m rec (repeats on a time basis) 

6 x 800m @ 2’rec 

           5 x 1000m/1200m @ 2’rec 

           3 - 4 x 1600m/2000m @ 2-3’rec 

20’ -  5’rec - 20’ 

 

PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

* Velocity at Lactate Threshold 

Anaerobic Threshold (AT) was a term applied to the lactate inflection 

point, or the point at which the appearance of lactate in the blood 

accumulates faster that its rate of use. Lactate Threshold (LT) is a more 

recent and descriptive term for the lactate inflection point described 

above. 

Running velocity at lactate threshold is simply the velocity above which 

lactate begins to accumulate in the blood. At lactate threshold and lower 

velocities blood lactate tends to be stable. Like running economy and 

vVO2max, running velocity at lactate threshold is a strong physiological 

predictor of endurance performance. 

In individual runners, running velocity at lactate threshold responds 

readily to training, and lactate –threshold upgrades lead to major 

improvements in race times. 

 



PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

* Resistance to Fatigue 

Runners often become fatigued while running before they reach maximal rates 

of oxygen consumption, topmost heart rates, or highest levels of blood lactate. 

Thus, fatigue during running cannot be well explained by oxygen limitation, 

cardiac limitation, or excessive lactic acid. 

A more logical explanation is that there are neural-output settings in the 

runner’s brain that do not permit specific intensities, or speeds, of running to 

be continued beyond fixed durations. 

Neural output consists of the motor signals sent to the muscles by the brain 

and spinal cord during running. These signal control the magnitude of muscular 

force production and the rate at which force is applied thus controlling running 

velocity. 

A competing view is that the loss of muscle function during running is the main 

cause of fatigue, with the nervous system simply toning down neural output as 

the muscles begin to lose the ability to generate propulsive force. 

An explanation for this is that neural output has been pre-set for each runner. 

The runners with the highest settings who can sustain the highest levels of 

neural output during competition are the top finishers. 

For runners it seems certain that intense, high quality running would enhance 

neural output to a greater extent than submaximal effort because fast running 

speeds are closer to the limit of the nervous systems ability to regulate 

running. Explosive training, the combination of high velocity sprints, explosive 

drills and exercises have shown scientifically to enhance endurance 

performance. It is possible that such training makes high speed running more 

permissible and manageable to the neural governor. 

In essence an increased resistance to fatigue enhances endurance 

performance. 

Systematic use of intense, high quality training ‘spikes’ the amount and 

duration of neural output and this boosts resistance to fatigue. 



Explosive training, extended training at goal race pace, shortened recovery 

times within interval workouts and sessions that optimise muscle oxidative 

capacity and lactate threshold velocity are all proven fatigue fighters.  

 

PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

* Maximal Running Speed 

Speed training (also known as speed development). 

They have the potential to give you a lot of benefits: 

+ Improved running speed (your max, “top end” speed will be increased). 

+ Higher running economy (you’ll be more efficient and use less energy     
at the same speeds). 

+ Better neuromuscular coordination (the communication pathways 
between your brain and muscles). 

+ Increased muscle strength 

Sprinting can help you get stronger if done appropriately. The squat 
makes you recruit a lot of muscle fibres in a strong contraction, running 
at top speed does exactly the same thing. The mechanism is different 
but the effect is very similar. 

Lifting weights, running high mileage, drills, and even sprint workouts will 
all help increase your overall speed. 

Most runners call any fast workout a “speed workout.” But technically, 
it’s not really speed training. A tempo workout, fartlek, or track session is 
not actually a “speed workout.” 

Speed training is really the development of your maximum speed in 
several different ways: 

o Acceleration is how quickly you can go from a position of rest to 
maximal velocity. In other words, it’s how fast you can get to top 
speed from a standing position. It’s a good measure of power. 
 



o Maximal velocity is your top speed – the absolute fastest that you 
can run. If you try to sprint at 100% effort and reach your “top-end” 
speed, then you’re at maximal velocity. 
 

o Speed-endurance is how long you can hold your maximal velocity 
before slowing down. Most runners can only maintain their top-end 
speed for about 40 meters (this is normal!). 

These aspects of speed aren’t typically addressed by distance runners – 
but a small amount of training can give you a lot of benefit. 

The purpose of any speed development session is to improve one of 
these three metrics so don’t worry about lactate threshold, VO2 Max, 
aerobic capacity, or anything like that. 

Instead, the goal is power, neuromuscular coordination, athleticism, and 
improving economy. 

o 10-15 x 40-100m/40-100m rec (Neuromuscular training) 

 

o Drills (High knees/Butt kicks/High knee jumps) 

 

o Plyometrics or Elastic Strength (Distance hopping/Hurdle 

Jump/Standing Long Jump) 

 

PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

*  Forms of Strength Training 

 

There are 6 different categories for the term ‘Strength’  

Absolute strength is the maximum amount of force exerted, regardless of 

muscle or body size. Greater amounts of absolute strength favour those 
with higher bodyweight and in general, larger individuals. 
Greater absolute strength will improve relative strength capabilities 

Maximum strength is the maximum force a muscle can exert in a 

single maximal voluntary contraction  



Relative strength is the amount of strength to body size, or how strong 

you are for your size. This reflects a person's ability to control or move 
their body through space, a vital trait in athletics. All else being equal, 
smaller individuals have higher relative strength. 

General strength refers to exercises, movements and muscle groups that 

are not specific to the running motion or that don't contribute directly to 
propelling you forward as quickly and efficiently as possible. 
However, general strength exercises can still help prevent injury and 
improve your performance 

Strength endurance is the ability of a muscle to perform repeated 

contractions and withstand fatigue. It is important for runners and 
swimmers. 

Elastic strength (power) is the ability to overcome resistance with a high 

speed of contraction. This can be seen in explosive events such as 
sprinting, throwing and hitting, where a high percentage of fast glycolytic 
fibres are needed for a good performance. 

 

The Purpose of Strength 

For endurance runners strength endurance and elastic strength appear 
to be the most popular and widely used forms of training. However 
maximum strength is probably the least understood and most important 
when applied to the prime movers ie the legs 

+  Strength endurance as applied to the Stabilisers in respect of the 
upper limbs ie the arms and shoulders, and to a lesser extent the head 
(the camera), to help counter the movements of the prime movers and to 
assist in posture 

+  Strength endurance of the second group of Stabilisers in respect of 
core strength related to the stomach and back which play a major role in 
posture particularly when the runner is under pressure and more so 
when fatigue has set in at the end of a race 

+  Maximum strength in respect of the prime movers, the legs (the 
main propellants) or the lower limbs and their relationship to the hips. 
The best method of strengthening the legs is the squat with the weight 
resting either on the shoulders or the front of the upper chest. Heavier 
(but sensible) weights should be used done with low repetitions ie 3sets 
x 2-3reps to avoid hypertrophy (an increase in muscle size) 



  

Endurance runners are concerned with the following methods of strength 

training 

*  Circuit or Stage training + Weight training 

Circuit training improves maximal aerobic capacity, vVO2max, general 

strength, lactate threshold and performance. A series of whole body 

strengthening exercises activities done in a continuous manner which can 

upgrade vVO2max. When circuit sessions are composed of high intensity 

strengthening activities, agility while sprinting and stamina during high levels 

of effort are enhanced. Circuit training has also been linked with an increase in 

lactate threshold when carried immediately prior to a time trial. 

This applies equally to stage and weight training. 

* Running-Specific Strength Training 

This system fortifies resistance to fatigue, running economy, maximal running 

speed and vVO2max. It preserves speed during challenging efforts. It also 

augments maximal running speed because it increases the amount of force 

applied to the ground per step, thereby extending the stride length. Maximal 

running velocity is simply the optimal combination of stride length and stride 

rate. 

* Hill Running 

Hill training focuses on running economy and maximum running velocity. It is 

the most specific form of running-specific strength. 

*  Explosive training 

Explosive training optimises running cadence, maximal running velocity, 

running economy, vVO2max, lactate threshold speed and performance. It 

involves conducting running-specific, high-speed drills and exercises that use 

minimal ground contact times. It also upgrades stride rate during intense 

running and a combination of explosive one-leg jumps and maximal sprints can 



improve maximal running speed, lactate threshold velocity and alters muscle 

stiffness in a way that significantly enhances running economy. 

 

PHYSIOLOGICAL TERMS in respect of ENDURANCE RUNNING 

 

* Altitude Training 

When we refer to “high altitude” we generally mean 7,000 to 8,000 
feet (2133.6m to 2438.4m) above sea level or higher. Low altitude is 
approximately 4,000 feet (1219.2m) above sea level or lower. 
 
In high-altitude environments, you draw in less oxygen per breath 
than you would at lower altitudes. That means each breath will deliver 
less oxygen to your muscles. Living in higher altitudes and getting 
used to breathing “thinner” air can enhance elite athletes’ athletic 
performance in competitions at lower altitude. 
 
During workouts at high altitude, athletes feel like they’re putting in 
more effort to perform as well as they do closer to sea level. The 
increased rate of perceived exertion is caused by altitude-induced 
hypoxia, which is a decrease in the amount of oxygen being delivered 
to the muscles to burn fuel and create energy. 
 
As elite athletes acclimatise to high altitude, they acquire more red 
blood cells which allows their blood to carry more oxygen. When they 
compete at lower altitudes, they get a natural boost to the muscles 
when additional oxygen is available. This blood expanding effect can 
enhance performance in elite athletes by 1 to 2 per cent.  

 
It’s more effective to follow what is called the “live high, train low” 
program. Elite athletes should live and lightly train in high-altitude 
areas to acclimatise their bodies to lower oxygen levels. But they 
should train harder and compete in lower altitude areas, where the 
muscles can work harder with the maximal amount of oxygen 
available for aerobic performance. 

To benefit, athletes must spend the majority of their time – 12 to 16 
hours a day – at the sweet spot of around 8,000 feet above sea level. 



If they get too much higher, they can develop altitude sickness, lower 
plasma volume levels, and suffer inadequate sleep patterns. Training 
should occur around or below 4,000 feet above sea level. Research is 
inconclusive as to exactly how long an athlete must train low for 
optimal benefit, though it is critical to conduct all high-intensity efforts 
at low altitude. 
 
 
Altitude training does alter the physiology of the body for a 
competitive edge. However, it’s not appropriate to lump the 
program into the same class as doping. Altitude training gives elite 
athletes who want to play by the rules a chance to compete against 
the dopers. 
 
The advantage of altitude training is that the muscles get a natural 
boost when more oxygen is available during lower-altitude 
competitions. The disadvantage is that athletes simply can’t train as 
hard at high altitude, even though the training may feel difficult. Many 
of the cues athletes use to judge how hard they’re training – tiredness 
of muscles, laboured breath, how fast they’re covering ground – 
change at high altitude, making it easy to over train. But with carefully 
monitored training, plenty of rest, and proper time to acclimatise, elite 
athletes can benefit from the live high, train low program. 

If you aren’t an elite athlete (a professional or an Olympian), you likely 
will not benefit substantially from altitude training, at least compared 
to the benefits that can obtained by optimizing all the other key 
components of a training plan.  
For recreational athletes, altitude training is not the key to running 
farther. There are a lot of gimmicky items out there geared to mid-
level runners. Some of the top offenders include: 

• Elevation training masks: This is just resistance training for 
the respiratory muscles – it has nothing to do with altitude 
training. Labelling these masks with the word “elevation” is a 
marketing tactic and nothing more. 

• Hypoxia sleep chambers: This is intriguing, but it requires a lot 
of time in the hypoxic environment to achieve measureable 
results. No athlete wants to spend 12-plus hours every day 
hanging out in a sleep chamber when he or she could be 
working out – or enjoying a social life. 



• High-altitude training rooms: Oxygen deprivation rooms are 
ineffective when used exclusively for training. Athletes must 
spend upward of 12 hours every day in a high-altitude 
environment to experience benefits, which is just not feasible for 
most people. 

Don’t waste your money on these gimmicks. Instead, invest in 

a running coach and work with a dietician. The essential 

component of successful training for non-elite athletes is a well-

designed program with coaching and appropriate build-ups of 

intensity, duration, and recovery. This, paired with good nutrition, 

adequate hydration, and supportive training partners will help you 

achieve your goals 

 

PSYCHOLOGICAL TERMS in respect of ENDURANCE 

RUNNING 

* Psychological Skills 

Skills for the Endurance Runner : 

o Self-talk. A great way to positively influence emotions, confidence 
and performance. 
 

o Attention focus. Excessive focus on physical sensations such as 
muscular fatigue or breathing can increase perception of effort 
unnecessarily. 
 

o Cue your form. Consciously focusing on running technique can 
actually improve running economy. 

 

Highlighting some of the areas recognised as factors in the outcome of 
competition, experienced runners have listed the following as important: 

 

o The ability to relax and control anxiety. 
 

o Being self-confident. 
 

o The capacity to concentrate on the present. 



 
o The use of imagery. 

 
o Developing determination and tough-mindedness. 

 
o Talent - It pays to pick the right parents. 

 
o Hard work - Top competitors train harder, and smarter, than "also 

ran’s". 
 

o Simulation or Competition Experience - To be really successful 
you need to be out there, participating in the best competition you 
can find. 
 

o Psyche - Successful athletes have superior mental skills. 
 


